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(54) IMPROVED POLVOLEFIN COMPOSITIONS 



J 71) We, MONSANTO C3IEMICALS 
VIITED, a British Company, of Monsanto 
House, 10—18 Victoria Street, London. 
S.W.I, do hereby declare the invetstion, for 
which we pray that a patent may be granted 
to us, and the method by which it is to be 
peif onned, to be pardculariy described in and 
by the following statement 
^ This invention relates to polyolefin composi- 
Gcms md particularly to improved antistatic 
polyolefin composttioas. 

It 18 well known that in use polyolefin resins 
sudi as poiyediylene normally acquir^^ by for 
example frictional contact with other materials, 
an electrostatic charge which results in a sub- 
stanml accumulation, over a period of time, of 
a surface layer of dust To combat this it has 
been pressed to incorpoiatje in the material 
an antistatic agent, but this proposal has not 
always proved effective. Sometimes good 
results may be obtained, whilst in otiier cases 
sevCTe dust accumulation occurs. The degree 
of diKt pick-up is usuaUy not even uniform 
over the surface of the same article, exhihit- 
, mg "trees", "ridges", lines and^er pat- 
terns. *^ 

We have now found tiiat a certain combina- 
tion ofaddioves gives an improved antistatic 
when mcorporated in a polyolefin, and in 
to Ae resute are betcer dian when either 
additive is used separately. 

The invention comprises an antistatic poly- 
cMn R»m composition comprising as anti- 
static additives an amine having die formula 



35 ^-'^^H.^CHrf^ol^HiH,., 

r!r^i,?-'M5^^- ^P^a^c hydiocarbyl 
group, R' IS hydrogen or mcdiyl, ni is an in- 



teger from 1 to 8 inclusive and n is 1 or 2, 
and an amide oi die formula 



X-C0-N-£(Cl*j~CHx'-0)pH]qH2,<j 



whercm X— is a Co— C,e aliphatic hydrocar- 
byl groupi X' is hydrogen or mediyi, p is an 
mteger from 1 to 8 inclusive and q is 1 or 2. 

Preferably in the above formulae m and p 
are each 1, and n and q are eadi 2. Prefer^ 
ably R' and X' are each hydrt»gen. The prc- 
rerred amines and amides are those in which 
R and X— are Qo-^^ aliphatic hydrocart)yl 
groups and particularly N,N-dihydn>xyediW. 
^kminc and NJ^-dihydrtoyediyi laur- 

The additives are preferably present in a 
relaave proportion by wei^t of from 10:90 
IJl^^OilO, niore preferably finom 25:75 to 
cn * ^ niixture compriang approximately 
50 weight percent each of die amine and the 
amid^ siKh as for example equal wci^ts of 
NJ>J-dihydroxyethyl laurylamine and N,N-di- 
hydiDxyediyl lauramide, usually gives very 
satisfactory results in practice; 

The total amount of die antistatic agent 
added will depend largely on die degree of 
antistatic protection required but in practice 
perccncages of from 0.01 to 1.0 by weirfit of 
the composition represent the full range of 
potential commercial interest Witiiin diis 
range weight percentages of from 0.05 to 0.4 
and ^pedaUy 0.1 to 0.2 are particulariy pre- 
ferred. Larger amounts can be present in cm- 
centrated " master-batch " composiitions intED— 
ded to be dfluted wiA additional quantities of 
resm before use. 

The polyolefin can be any reanous polymer 
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or copolymer of an olefin monomer but in 
general the major interest in diis field lies in 
homopolymcrs such as pdyethylene and poly- 
propylene, and copolymers such as those of 
an olefin with an unsaturated ester, for example 
vinyl acetate. Polyetfiylene is very often the 
preferred resm in the compositiwi ci the inym- 
tion and can be high or low deaaXf matenai. 

The camposMon can of course contain odier 
additives such as for example pigments, anti- 
oxidants or slip additives. 

The components ci the ccunposition can be 
mixed by any convenient method, for example 
by tumUiAg the additives with pdlets or par- 
ticles of the resin optionally followed by ex- 
trusion into a strand that can be chopped up 
to form pellets. Preferably, however, the com- 
ponents are blended at a temper^uze sufil- 
ciently high to plastify the resin for example 
in an internal or roU mixer. 

The composition of the invention can be 
fabricated by any of the methods normally used 
for polyolefin resins, including extrusion, in- 
jection-moulding, blow-moukiing or casting. It 
can for example be extruded and blown into 
film, or used for extrusion-coating, blow- 
moulded into botdes, toys or o±er hollow 
articles, injection moulded into a variety of 
shapes, or cast into fikn or (by rotational cast- 
ing) into large containers. The composition is in 
fact particulariy useful for use in a process of 
extrusion-coating a substrate as described be- 
low. 

In an extrusion coating process a substrate 
surfoce is biougfit into contact with an extnided 
molten layer of resin and the layer is then 
allowed to soUdify to fonn an adherent coating 
on die substrate surface. The linear speed at 
which the resin composition is extruded is nor- 
maUy very much less than diat of the sub- 
strate so that the composition becomes drawn, 
and it is commercially advantageous to operate 
at as great a rate as possible: However, as the 
substrate speed is increased, for a fixed rate of 
extrusion, a temiinal speed is reached beyond 
which rupture of the coating occurs and diis 
terminal speed is known as die " drawdown " 
for die particular resin employed. Also during 
extrusion, the width of the deposited layer of 
resin tends to decrease and the extent of the 
decrease at a defined extrusion rate is known as 
the " neck-in It is clearly desirable to maxi« 
mise the drawdown/nedc-in ratio in normal 
commercial operations so as to achieve the 
greatest possible production of coated substrate. 

It has now been found that the antistatic 
additives of the invention ate particularly suit- 
able for inclusion in estrusian-<oating grades 
of polyolefin resins since they substantially im- 
prove the drawdown/necfc-in ratio. At the 
same time there is usually observed an hn- 
provement in the ease with which the resin 
is released from the chill roll that is usually 
used in an extnision-coadng process. 
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The invention accordingly ccwnprises a pro- 65 
cess of extrusion-coating a substrate with a 
polyolefin resin composition of the inventioa 

In the extrusion coating process of the in- 
vention, the substrate sui^ce is brought into 
contact with an extruded molten layer of the 
resin composition, and this layer is then 
allowed to solidly to form an adherent coat- 
ing oa the substrate surface. A wide range of 
substrate surfaces can be cxtnision coated. 
Generally the substrate surface is substantially 
flat, and it is very often preferred if the sub- 
strate is in the form of a sheet or film. 
Examples of substrate surfaces that are suitable 
include paper, polypropylene film, " Saran **- 
coated polypropylene fibn ("Saran" is the 
trade mark for a copolymer of vinylidene 
chloride and vinyl chloride), aluminium foil, 
cellulose acetate film and polyediylene terc- 
phdialate fihn. Paper is usually the prefened 
substrate. 85 

The extrusion coating operation can take 
place according to normal practice. Thus it 
is convenient to extrude a molten layer of 
the resin composition vertically downwards 
throu^ a slit die spaced a few inches above 90 
the nip between a pair of n^evs into which 
the substrate is fed, the roller contacting the 
molten layer preferably being dtilled so as to 
solidify the layer. This roller can have a matt 
or satin &ush so diat a similar fim'sh is im- 95 
parted to the coating or it can be embossed 
so that a correspondtng pattern is produced. 
The diilled roller can if desired be poUshed so 
as to impart a higjb gloss surface to die coating. 

Treatment of the substrate by an electric 100 
discharge or a chemical primer has been found 
to assist adheaon of the molten layer. 

TTie temperamre of the molten layer is 
naturally above the melting point of the resin 
but should not be so high that an undesirable 105 
degree of decomposition or oxidation can take 
place during the time that the resin is main- 
tained at this temperature in the extruder and 
in the "air gap" between the extrusion die 
and die chilled roller. A limited degree of 110 
decompositi(m or oxidation assists adhesion and 
is therefore to be desired, but odour fomia- 
tion can take place where the melt tempera- 
ture is too high. The temperature chosen also 
depends to some extent on the intended use of 115 
the coated substrate, for a relatively higji tem- 
perature can induce molecular cross linking 
which may or may not be desirable. For 
example, a cross-linked coating has good 
strengdi, but it is on die other hand difficult 120 
to heat-seal a coating that has a large number 
of cross-links so diat a relatively Um mdt tem- 
perature would be chosen where a heat-sealable 
coating is desired. In general the temperature 
is normally between 260 and 330° C, and very 125 
often between 280 and 310° C. 

The " air gap " between the extnisiaa die 
and the dulled roller is ncMmally at least 1 
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ych and not nonnally greater than 10 inches, 
from 3 to 6 inches, for example about 4 to 
5 inches^ often being very suitable. 
The linear speed at which die resin com- 

5 positum is extruded is nonnally very much less 
dian that of the substrate, and can for example 
be^ to about 20 feet per minme, very often 
man 0.5 to 5 feet per minute, sudi as about 
1 foot per minute: The effect of diis difference 

10 m qpeed is that the composition becomes 
drawn, and the final coating is thus c<Hisider- 
ably thinner than the molten layer issuing from 
the die. A reduction in latend width also 
takes place and allowance for diis needs to 

15 be made when choosing the Amwi ff^y of the 
die. 

The thickness of d» finished coatmg can 
for example be up to about 0.005 indi, but 

2ft ^^S5^^ instance 
20 0,00015 to 0.002 inch is preferred. Very often 
a thickness from 0.00O5 to 0.001 indi is par- 
ticularly suitable. 

The coated substrate leaving the chilled rol- 
ler can be wound up and stored until re- 

25 quired for usa It can for example be used for 
wrapping and other packaghig pmposes, for 
in s t a nc e of food. 

The coating can if desired be treated with 
^ discharge to improrc adhesion of 

30 any pnntmg ink diat may subsequently be 
apphed to it It has previously been sug^sted 
that sudi a discharge also improves antistatic 
properties but it is a f eaJture of the present in- 

« l^^u^'J^ antistatic properties are 

» obtamable wuhout such discharge treatment. 



The invention is furdier described in the 

following KTiiniplp^ 

EXAMPLE 1. 
This Example describes a pcAyediylene com- • 
poskiwi according to tiie invention and its use 40 
m extrusiwi coating process according to the 
invention, and demonstrates the advantages 
obtained. 

Polyethylene resin of mdt index 6.4 grams 
per ten minutes and density 0.916 grams per 45 
cubic centimetre was blinded on a bridge Ban- 
bmy mill widi 0.1 percent by weight of N^- 
dihydroxycdiyl lauramide and 0.1 perceai by 
weight of N;N-dihydroxyethyllaurylamine. 

The resulting conqjosition and a " blank 50 
of die polyethylene rean alone were each ex- 
truded sqwurately dirough a 2i indi Peco ex- 
truder fitted with a slit coating die dedded to 
22i indies, coated on to paper and then treated 
wrth a conma discharge. The diuwdown/neck- 55 
m ratio and anti-static prc^yerties of each coat- 
mg were doermihed. 

The anti-static properties of each coating 
were assessed bjr taking a 12.5 by 7.5 centi- 
metre sample of the coated paper, electrically 60 
chargmg it by contact witii a charged plate of 
duomium plated seed, and measuring die per- 
centage of the change on the suxfece diat leaked 
away upcm s^cation of an eardied probe. 
This measurement was made usmg an electro- 65 
meter and die result was quoted as die per- 
centage charge increase (PCI) whidi is de&ed 



diarge collected from sa mple in 30 seconds x 1 00 
dxuge on dirome plate in 30 seconds 



70 It has been found diat samples having a PCI 
greater than 20 per cent hove good anti-static 
properties. 



The reailts of die tests are shown in die 
foliowmg Table: 





Neck-in at 100 
feet per minute 


Drawdown in 
feet per minute 


pa% 


"Wank" 


1.4hidi 


440 


2 


Comporition of 
invention 


1.4 indi 


510 


50 



It <an be seen diat die cwnposition of die 
mventum has excellent anti-static properties yet 
« bl^ik^ <l«wdown/nBc±-in mtio dm the 



Good antistatic properties were also obtained 80 
TOn die composition of the mventicm when 
die corona discharge treatment was omitted. 
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EXAMPLE 2. 
This Example describes another poly- 
ethylene composition according to the invention 
and its use in an eictnision coating process 
accoiding to the inventiMi, and shows that a 
considerable improvement in antistatic proper- 
ties is obtained. Comparative examples are 
given to fhow that die combinatioa of additives 



gives better results dian when either additive 
is used separately. 

The additives shown in the table below were 
blended widi the p<^yctiiylene used m Example 
1 by the same method, and the resulting com- 
positions were extnisicMi-coated on to paper as 
before. The TaUe also gives the percentage 
diaige increase (PCI) measured for each blend. 
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% w/w N,N- 
dlhydroxyethyl 
lanramide 


% w/w N,N- 
dihydroxyethyl 
lanrylamine 


pciro 


0.05 


0.05 


50 


0.1 


Kil 


26 


m 


0.1 


3 


m 


Nfl 


2 



These results demwistrate the exccUoit 
antistatic properties of the composition of the 
20 invention compared with those of composition 
containing only one of the additives. 

WHAT WE CLAIM IS: — 
1. An antistatic polyolefin resin c(»npodtion 
comprising as antistatic additives an amine 
25 having the foimula 

wherein R is a C— C„ alij^tic hydrocarbyl 
groups R' is hydrogen or methyl^ m is an in^ 
t^ger from 1 to 8 imdustve and n is 1 or % and 
30 an amide of the fonnula 

X'C0-N-£(Crt2 — Crix'-0)pH}qH^-cj 

wherein X— is a C— Cia aliphatic hydrocaibyl 
group, X' is hjrdrogca or methyl, p is an in- 
teger from 1 to 8 inclusive and q is 1 or 2. 
35 2. A composition according to Qaim 1, in 
which m and p are each 1. 

3. A composition according to either of 
Qaims 1 and 2, in which n and q are each 2. 

4. A composition according to any of the 
40 preceding claims, in v/hidi R and X are 

Ci„--Cu ah'phatic hydrocarbyl groups. 

5. A composition according to Claim 1, in 
which the amine is N,N-dihydix>xyctiiyl- 
laurylamine and the amide is N,N-dihydrozy- 

45 ethyl lauramide. 



6. A cwnposition according to a ny of the 
preceding danns, in which die additives m 
present in a relative proportion by wdgjbt of 
from 25: 75 to 75:25. 

7. A compositi«i accordmg to any of tne 50 
preceding claims;, in which die total amount d 
antistatic a^t is from 0.05 to 0.4 percent by 
weight of the compo^tion. 

8. A composition according to any of ri» 
preceding daim^ in which die polyolefin is 55 
polyethylene. 

9. A composition according to Claim 1, sub- 
stantially as described in Example 1. 

10. A compositirai according to Claim 1, 
substantially as described in Example 2. 60 

11. A process of extrusion-coating a sub- 
strate with a polyolefin resin composition 
according to Claim 1. 

IZ A process according to Qaim 11, in 
which there is iBed a resin composition accord*. 65 
ing to any of Chims 2 to 9. 

13. A process according to either of Claims 
U and 12, in which the substrate cwnprises 
paper. 

14. A process according to any of Claims 11 70 
to 13, in whidi the coating is treated widi an 
electric discharge. 

15. A process according to Claim 11 sub- 
stantially as described in Example 1. 

16. A process according to Claim 11 sub- 75 
stantially as described in Example 2. 

17. A coated substrate diat has been pro- 
duced by a process according to any of Clatms 
11 to 15. . . 

18. A coated substrate diat has been pro- 80 
dnced by a process according to Qaim 16. 
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